Room 5103, MSC 9581 Bethesda, MD 20892-9591 301-594-2265 elizabeth.hoffman@nih.gov Abstract The Adolescent Brain Cognitive Development (ABCD) Study, a large, longitudinal study of brain development and child health, is uniquely positioned to explore relationships among stress, neurodevelopment, and psychiatric symptomatology, including substance use and addiction.
Introduction
Over the last decade, converging evidence has emerged regarding links between early life trauma and alterations in brain structure and function (reviewed in Teicher & Samson, 2016) .
Indeed, a growing body of literature has provided support for the enduring effects of childhood adversity and maltreatment on stress-susceptible brain circuitry (Marusak et al., 2016; Shonkoff et al., 2012) . Nonetheless, the exact pathways through which early life trauma influences brain development and behavior have yet to be delineated. The Adolescent Brain Cognitive Development (ABCD) Study (Volkow et al., 2018) , the largest long-term study of brain development and child health in the United States, is uniquely positioned to explore relationships among stress (familial and extrafamilial, as well as environmental stressors), neurodevelopment, and psychiatric symptomatology, including substance use and addiction. ABCD Study Investigators at 21 research sites across the country are tracking the development of 11,875 children starting at ages 9-10 at regular intervals for a decade. Participants will undergo multimodal structural and functional neuroimaging; assessments of neurocognition, physical, and mental health (e.g., psychiatric symptomatology), substance use, and culture and environment (e.g., parental monitoring and family conflict); as well as biospecimen collection for hormonal, genetic, environmental exposure, and substance use confirmation (visit the ABCD Study website to view the study's assessment protocols). The goal of the study is to understand the many disparate factors, such as stressful experiences and substance use, that affect brain, cognitive, social, and emotional growth and, in turn, overall health and well-being. To that end, the ABCD Study is collecting information from youth participants and their parents/guardians about stressful life events over time. Importantly, these data can be correlated with other measures such as neurodevelopment, mental and physical health, sleep, and risky behaviors throughout adolescence, as well as variables that may moderate or mediate the stress response, to better understand the relationships among adverse life events and health outcomes.
M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT 4 way, nor do they have universally negative impacts on health outcomes. Acute, short-term stressors lasting minutes or hours (e.g., being excluded from an activity during recess; anticipating the first day of school after summer break; cramming for a final exam), may be experienced differently from a prolonged stressor that persists for days or even years (e.g., chronic bullying; food insecurity), and may be associated with distinct physiological and behavioral responses (McEwin, 2007) . Research has shown that there may be evolutionary advantages to some types of stress responses, but not others. For example, acute stress may activate "fight or flight" systems in the body associated with enhanced immune functioning. A recent study found that patients undergoing knee surgery recovered more quickly and completely if they mounted a robust shortterm stress response where large numbers of immune cells mobilized to fight infection (Rosenberger et al., 2009 ). Subsequent research found that a temporary spike in cortisol levels following an induced mild stressor in rats (brief confinement to a small cage) led to a temporary boost in immune response (Dhabhar et al., 2012) . Conversely, chronic stressors, such as witnessing ongoing violence in the family, can lead to chronic inflammation and increase the risk for autoimmune conditions and other diseases (e.g., Carlsson et al., 2014) . Whereas short-term stress responses may have protective value since brief stimulation of the immune system prepares the body to fight infection and flee danger, responses to severe or chronic stressors may overtax the immune system and lead to negative health outcomes, including neurobiological alterations and early mortality (Chetty et al., 2016; Marmot et al., 1991; Mersky et al., 2013) .
Here, we review classes of stressors (early life adversity, mass trauma) and their potential impact on health outcomes. We then describe elements of the ABCD Study protocol that assess exposures and outcomes (e.g., psychiatric symptomatology, neurodevelopment and onset of substance use), summarize preliminary baseline descriptive data from four domains that capture exposure to stressors (family conflict, food insecurity, history of parental substance use, history of parental depression), and describe two ABCD substudies that examine specific predictors of stress responses. We conclude with a brief look toward the future of the ABCD study.
A C C E P T E D ACCEPTED MANUSCRIPT neurodevelopment. A range of adverse childhood experiences (ACEs), including physical and sexual abuse, witnessing a crime, parental substance abuse, prolonged absence of parent, and frequent family conflict, are associated with increased risk for premature mortality and the presence of major non-communicable diseases (Mersky et al., 2013) . Different forms of early life adversity are also suggested to uniquely impact the brain both structurally and functionally, contingent upon the characteristics of the stressor, e.g. age of onset, duration and frequency of exposure (Callaghan et al., 2016; Teicher & Samson, 2016) . Moreover, Kisiel et al. (2014) suggest that cumulative stress is a risk factor for future psychopathology; however, impairment may result even when stress burden is not cumulative.
Stressors that may be more universally experienced in adolescence, such as perceived valuation from one's peers, can also impact stress burden and thus future health (McEwen et al., 2010) . For example, in response to an experimental social stressor where participants gave a speech in front of a young adult viewer who evaluated their performance, female adolescents at risk for psychopathology exhibited increases in pro-inflammatory cytokines (i.e. IL-6 and IL1-b) that positively correlated with self-reported peer victimization exposure and perceived social status (Giletta et al., 2018) . Long-term prospective work has shown that individuals exposed to peer victimization during childhood and adolescence display higher levels of low-grade systemic inflammation than their non-affected peers, even in adulthood, and that early peer victimization affects physical health and mental health outcomes, including internalizing (e.g., anxiety, depression) and externalizing disorders (e.g., aggression, delinquency), as well as academic achievement (reviewed in McDougall & Vaillancourt, 2015) . In sum, the pressures of daily life, especially during adolescence, can lead to a "chronic stress burden" that is associated with poor health outcomes (McEwen, 2012). improvements. However, because brain imaging was not done on this cohort before trauma exposure, it is difficult to rule out the possibility that DLPFC thickness was a preexisting vulnerability factor for PTSD development (Lyoo et al., 2011 ).
Contributions of the ABCD Study to understanding impacts of adverse experiences
Adverse experiences are complex and multidimensional, and can occur within the family, among peers, and at the community-level. Over 20% of U.S. children will experience two or more adverse experiences in their childhood which makes them especially vulnerable to poor health outcomes (Child and Adolescent Health Measurement Initiative, 2013). The impact of these experiences may be felt beyond the developmental years, particularly when they occur early in life or during other sensitive periods, e.g., puberty (Blakemore et al., 2010; Tyborowska et al., 2018) .
There is much we do not know about how adversity affects the developing brain and cognitive, social, emotional, health and academic outcomes. The ABCD Study is uniquely positioned to examine the relationships among these variables as participants experience adolescence, and to Mother treated violently KSADS-5, PTSD module (parent) Youth exposure to and experience of trauma Household substance abuse Family History Assessment; Adult Self-report (parent) Family history of psychopathology and substance use; criminal behavior Mental illness in household Family History Assessment; Adult Self-report (parent) Family history of psychopathology and substance use; criminal behavior Parental separation or divorce Demographics Survey (parent) Family demographics, including race, gender, family structure, SES, education and occupation Criminal household member Family history Assessment (parent) Family history of psychopathology and substance use; criminal behavior Neglect:
Emotional neglect CRPBI Acceptance Subscale (youth) Youth perception of caregiver acceptance Physical neglect Parental Monitoring (youth); Demographics Survey (parent) Youth perception of parental supervision; family demographics (economic hardship, e.g., food insecurity) * All ACE questions refer to the respondent's first 18 years of life address the question of whether some factors contribute to adjustment or maladjustment more than others. For example, the protocol includes assessments of family conflict, food insecurity, and history of parental substance use and mental illness (described in detail in Sections 2 and 3) to gather a range of data about a child's exposure to adversity, both past ("have you ever experienced…") and current. These data can then be correlated prospectively with indices of brain and cognitive development, as well as social, emotional, health, and academic outcomes. The study also will address possible indicators of vulnerability and plasticity of stress-susceptible brain circuitry, as well as potential moderating factors of chronic stress, such as social resiliency, involvement in sports and other recreational activities, and environmental factors such as neighborhood and school safety (see Section 3).
Assessing childhood stress in the ABCD protocol -exposures and outcomes
The ABCD protocol includes both categorical and dimensional assessment approaches (See Table 1 . for more detail on the culture and environment assessments that were selected for inclusion in the ABCD protocol.
Potential outcomes from adverse childhood experiences
In addition to assessing exposure to adverse experiences, the ABCD protocol includes measures that evaluate health outcomes throughout adolescence. Questionnaires from the 
Preliminary baseline descriptive data
The diversity of the ABCD Study cohort makes it possible to answer a wide array of questi ons regarding exposure to stressors and to track potential outcomes as the participants move through adolescence into young adulthood. Summary baseline data from four domains that capture exposure to ACEs (family conflict, food insecurity, history of parental substance use, sometimes throw things at each other out of anger. Over 15% said that family members often criticize each other, and 25% said that they sometimes hit each other. Ten percent said that the family makes efforts to "keep the peace" when there are disagreements (Figure 1 ). For the food insecurity question of the Demographics Survey (administered to parent/guardian), 6% of parents/guardians reported at least one instance of food insecurity in the past 12 months where the immediate family needed food but could not afford to buy it.
Additional assessments describe family history of depression and substance use that can impact the family environment. Figure 2 Figure 3 ). Finally, the substance use questions in the Family History Assessment (administered to parent/guardian) ask about substance use in biological relatives and its impact: "Has any blood relative of child had any problems due to alcohol (drugs), such as marital separation or divorce; being laid off or fired from work; arrests or DUIs; alcohol (drugs) harmed their health; in an alcohol (drug) treatment program; suspended or expelled from school 2 or more times; isolated self from family, caused arguments or were drunk (high) a lot." Figure 4 shows the proportion of the cohort with a parent who experienced DUI, substance use treatment, separation or divorce, or work problems due to substance use.
Approximately 8% said one biological parent ever had an arrest or DUI while drunk (Figure 4a) ; about 5% said one biological parent ever had an arrest or DUI while high (Figure 4b ). Although we cannot speculate on the significance or the long-term impact of these experiences at this early 
Potential outcomes from ACEs
A range of experiences define the ABCD cohort at this age. The benefit of a longitudinal design is that we can examine various outcome variables (e.g., psychiatric symptomatology, neurodevelopment, onset of substance use) as participants develop, as well as potential moderators and mediators of these outcome variables (e.g., participation in sports or the arts; social support; socioeconomic status; cognitive vulnerability). One question that could be asked, for example, is whether social support moderates the relationship between family conflict and onset of substance use. At baseline assessment, most participants reported having at least one same-gender friend (Youth Resilience Scale, Figure 5 ). However, a small proportion (2%; n = 95) reported having zero same-gender close friends (Figure 5b ). Without the protective value of social support from their peers, these individuals could be more susceptible to long-term negative health 
Natural disaster exposure
The impact of mass trauma on exposed individuals can be severe and persistent and may follow-up to allow for prospective analyses. The substudy also will identify factors that promote resilience in children who experience trauma from natural disasters.
Social development, delinquency and victimization
The age-crime curve peaks during the critical adolescent period (Loeber et al., 2017) .
Deficits in brain functions that provide foundations for executive functioning and reward processing have been hypothesized to contribute to adolescent delinquency as well as accelerated will involve a projected total of 2,700 participants, who will be 11-12 years-old at their first substudy assessment visit.
Particularly relevant to the focus of this paper, ABCD-SD will contribute to the understanding of responses to victimization by providing a detailed evaluation covering a range of severity, and by examining effects in the context of adolescent cognitive and brain development. Other issues related to delinquency and victimization may be addressed through analyses with data from the main ABCD Study. For example, information about some types of victimization, including physical and sexual abuse, are collected across all ABCD sites (see Table 1 ). Since However, the assessment of delinquency and victimization in the core ABCD assessment is limited.
Expansion of data collection on these constructs strengthens the capabilities of the ABCD Study to contribute to the understanding of the development of delinquency and the factors that influence the occurrence and responses to victimization.
By providing a thorough account of delinquency and victimization over time in the context of the ABCD Study protocol, ABCD-SD will advance understanding of the interactions among substance use, delinquency, victimization, and brain development in adolescence.
Summary and future directions
The ABCD Study provides opportunities for learning about the impact of stress exposures on health and other outcomes in the context of adolescent development. Understanding the relationships among these variables could lead to the development of interventions that reduce or even reverse the impacts of stressors. For example, previous studies suggest that stress-reducing interventions can alter brain morphometry. A recent study found that while poverty and unenriched environments have been associated with volume reductions in the hippocampus and amygdala, supportive parenting (in terms of emotions and behaviors) during adolescence has been shown to attenuate these disparities (Brody et al., 2017) .
Although most of the assessments in the ABCD protocol will be repeated at each annual visit, we expect that there will be modifications in response to maturation of the participant cohort, as well as advances in scientific knowledge and data collection tools. The 2-year follow-up protocol, which is administered to participants when they are 11-12 years-old, has additional measures that delve more deeply into peer relationships (including victimization), gender identity, and mobile technology (including screen time, social media use, and cyberbullying), as well as blood pressure measurements to assess hypertension.
Investigators interested in these topics can access and analyze data via the NIMH Data
Archive website. Fast-track data containing unprocessed neuroimaging data from study participants to date (high-resolution structural MRI, advanced diffusion MRI, resting state fMRI, and task fMRI), as well as basic participant demographics (age, sex), will continue to be released 
